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THE OPTICS OF PHOTOGRAPHY. 
Handbuch der Photographic: II Tlteil: Das Licht im 
Dienste der Photographic und die nenesten Fortschrilte 
der photographischen Opiik. By Prof. Dr. H. W. 
Vogel. (Berlin: Robert Oppenheim (Gustav Schmidt), 
1894.) 

T HIS second part of Dr. Vogel’s well-known hand¬ 
book is the fourth edition, completely revised and 
enlarged, as we are informed on the title-page. With 
the index it runs to 367 pages, and is embellished with 
numerous figures and a coloured frontispiece illustrating 
the Vogel-Kurtz process of printing in three superposed 
colours. The result is very satisfactory, and the grapes, 
pineapple, lemon, and other fruit appear very natural. 
There should be a promising future for this chromo- 
lithographic development of photography, which, it may 
perhaps be not altogether unnecessary to state, has 
nothing to do with the great question of direct photo¬ 
graphy in natural colours. 

It is difficult within reasonable compass to give an 
adequate notion of the wide range of subjects dealt with 
in the present work. Everything likely to be of use to 
the scientific and practical photographer is treated of 
with more or less completeness. While the first part, 
which we noticed in these columns some years ago 
(vol. xliii. p. 3), deals with the chemical aspect of the 
subject, the instalment under consideration is devoted 
to the optical aspect, using the term optical in the wide 
sense of comprising the general nature of light regarded 
as a chemically active natural force. The optics of 
photographic leases finds a place in the present part in 
the form of an appendix covering some ninety odd 
pages, and copiously illustrated. The appendix covers 
all that is usually comprised in this country under 
the term “ photographic optics,” and it is treated in a 
manner intended to be generally understandable; the 
actual German heading is, “ Gemeinverstandliche Dar- 
stellung der Grundziige der photographischen Optik.” 
The seven chapters forming the appendix deal with the 
methods of forming images, lenticular refraction, faults 
of lenses, intensity of illumination and “ field,” differences 
in photographic objectives, the stereoscope, panorama 
apparatus, and the principles of photographic surveying. 
The seventh chapter is of especial interest because it 
deals with the latest advances in the construction of 
photographic objectives, and comprises, among other 
things, a description of the teleobjectives of Miethe, Stein- 
heil, and Zeiss. The remarkable efficacy of this new 
addition to the resources of the photographer is shown 
by two pairs of reproductions of photographs of views 
taken from the same spot, one with an ordinary, and the 
other with the teleobjective. 

We have called attention to the appendix first, not 
because we desire to follow the practice of certain readers 
of fiction who form an opinion as to w'hether a book is 
worth reading by beginning at the last chapter, but 
because it treats of that portion of the subject which we 
here are too apt to regard as comprising the whole of 
photographic optics. The main portion of the work 
NO. I303, VOL. 50] 


under notice treats of subjects quite distinct from that 
of the properties and construction of lenses, but which 
are of equal importance in modern photography. This 
portion of the book consists of thirty-one chapters ex¬ 
tending over 266 pages. A brief analysis of the contents 
will give the reader a general idea of the scope:— 
Intensity of light and Lambert’s law, measurement of 
intensity, the optical photometer, standards of light, 
Weber’s definitions, the brightness of transmitted and 
reflected light for different substances, the photographic 
photometer or sensitometer, photographic standards of 
light, Miethe and Michalke’s law of photographic 
reciprocity in developed films, dependence of the trans¬ 
parency of the negative on the period of exposure and 
on the intensity of the illumination, the chemical inten¬ 
sity of day and sunlight (Bunsen and Roscoe), intensity 
under limited sky illumination, continuing rays and the 
effects of previous and subsequent illumination, sources 
of artificial light for photography, reflection, halation, 
composition of light and photography of coloured objects, 
chemical action and absorption, properties of optical 
sensitisers, action of colouring matters on collodion and 
gelatine plates, shifting of the maxima of photographic 
activity (Wiedemann’s law), relations between sensitive¬ 
ness to light and optical sensitisers of the eosin series, 
other optical sensitisers, action of simple and mixed 
optical sensitisers on sensitiveness, ray filters (i.e. colour 
screens), instruments for the study of the colour sensitive¬ 
ness of photographic films (i.e. spectrographs), testing of 
colouring matters and films for colour sensitiveness, 
reproduction of natural colours by multiple photography, 
direct photography in natural colours, colour perception 
and complementary colours, observations on the colour 
transparency of the atmosphere. 

To those who are acquainted with photography as a 
science, 1 the headings to the various chapters will give 
sufficient indication of their contents. There are, how¬ 
ever, many topics of importance hidden away, as it were, 
among the mass of information contained in the book, 
and to some of these we may direct the attention of the 
general reader who, without being an expert, may wish 
to ascertain the present state of knowledge with regard 
to such subjects as are of physical or chemical interest 
beyond their immediate application to photography. 
Thus, with regard to the standards of light we learn that 
preference is given over all others to the amyl acetate 
lamp of Hefner-Alteneck—a preference which many in 
this country will no doubt be prepared to dispute. Then, 
again, with respect to the amount of light reflected from 
various surfaces (chapter v.), some useful measurements 
are given, partly from the author’s observations and partly 
from determinations by Kirschmann. The photographic 
efficiency of various sources of light (chapter vii.) is also 
a subject of general interest, apart from its practical 
bearing. The enormous chemical activity pi the light 
of burning magnesium is well known, but the results 
stated quantitatively will be startling to many. Accoid- 
ing to Eder (to quote a few examples) the light in a 


1 We are much in want of sime term to distinguish the jciegtific SWdent 
of photcgraphy from the ordinary camera-carrying picliirc-t^cT 1 tu 
reiationsh.p b tween the two classes is much aboutrte saneasthatbetaerr. 
the bird and animal stutter and the “naturalist wW' n h 

ndnnt* The de<i£rnaiion “ luciscribe is quite as appl cable to those wno 
practise the art only, but it does not seem sufficiently harmonious to suggest 
its adoption. 
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well-lighted studio (expiessed in normal candles) is 
50,000-100,000; direct sunlight (October), 450,000 ; 
electric arc light of Sooo candle visual intensity, 
100,000-300,000 ; flash light with four grammes mag¬ 
nesium powder, potassium chlorate and perchlorate, 
10 , 000 , 000 .* 

The chapter on sensitometers is particularly good, and 
the critical discussion of the various systems in vogue 
will be found most useful. It is true that the author 
urges the advantages of his own “ tubular photometer," 
but this does not prevent his doing justice to other forms. 
The discussion of the so-called law of photographic 
reciprocity according to Miethe and Michalke (chapters 
viii. and ix.) comes most opportunely at the present time. 
The relationship between the density of the silver deposit 
formed on development and the time of exposure, in¬ 
tensity and quality of light, &c., is a subject which has 
given rise to a great amount of discussion in this country 
lately. Strange to say, however, Dr. Vogel gives no re¬ 
ference to the work of Abney, Hurler and Driffield, 
and others who have taken part in the recent discussions. 
This is certainly an omission. It appears that Dr. Miethe 
undertook to investigate the accuracy of the law of 
reciprocity in order to ascertain whether photography 
could be applied to the measurement of the brightness 
of the stars. [A priori, one would have thought that the 
ordinary photographic plate would be inapplicable to 
this purpose because the photographic efficiency is de¬ 
pendent on the quality of the light emitted by a star, 
and this does not necessarily coincide with visual inten¬ 
sity.] Among other points brought out by his investiga¬ 
tion is the fact that for very feeble illumination the law 
in question does not hold good, but when the light is 
about four times the intensity necessary to produce a 
visible result (on development) the relationship is true up 
to iooo times this intensity. Other deviations from the 
law are discussed by Michalke in the paper which Dr. 
Vogel partly reprints, but enough has been said to indi¬ 
cate the importance of these two chapters. 

The portions of the work to which those who have 
followed the recent developments of photography will 
naturally turn with great interest, are those dealing with 
the action of special sensitisers, a subject which will 
always be identified with Dr. Vogel as the discoverer to 
whom we are indebted for this advancement. The 
greater portion of the volume—viz. chapters xvi. to 
xxvii. inclusive—are devoted to this and related subjects. 
In connection with the sensitiveness of the silver haloids 
to the colours of the spectrum, the author brings out one 
point very clearly, and that is the futility of using the 
sun as a source of light in such experiments. It appears 
that the photographic transparency of the atmosphere 
is subject to such very great fluctuations, that the maxima 
of chemical activity are apt to be considerably shifted 
from day to day, so that concordant spectrum prints 
must not be expected from the solar spectrum in cases 
where accuracy is required. The action of organic 
colouring matters as special sensitisers receives very full 
treatment, and all the recent investigations on this sub¬ 
ject are brought together. Of these the experiments of 
Dr. E. Vogel on the colour sensitiveness of the eosin 

1 These numbers are referred to the photographic , not visual intensity of 
the standard candle. i 
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colouring matters by themselves (chap, xx.), and on the 
special sensitising action of the pure colouring matters 
of this group on gelatino-bromide emulsion films 
(chap, xxii.), are of considerable importance. It appears 
now that the fugitive character of these colouring matters 
is due to photochemical reduction, and not oxidation 
(pp. 163-164); but the evidence on this point does not 
appear to the writer to be quite conclusive. It is shown, 
further, that the best of these colouring matters as special 
sensitisers are those which are by themselves the most 
sensitive to light—viz. tetraiodo- and diiodo-fluoresce'm— 
that the silver salts are better than the alkaline salts for 
this purpose, and that the sensitising power increases as 
the fluorescent power diminishes. 

Other organic colouring matters are treated of in con¬ 
nection with this same photographic property, and the 
details, as given in the book, will be found well worthy 
of study. We may here call attention to the interesting 
work of Wollheim (chap, xxiii.) on chlorophyll, from 
which it appears that the efficient special sensitiser in 
the case of this substance is the phyllocyanin. The un¬ 
certain action of chlorophyll is well accounted for by 
these researches. Among recent work on the action of 
organic colouring matters, the author gives an account, 
almost verbatim, of that published by Mr. J. Acworth in 
1890. This writer has made a detailed study of all the 
most efficient special sensitisers, and, as a general con¬ 
clusion, confirms the view that the maxima of absorption 
and chemical activity do not absolutely coincide, but 
that a displacement occurs in accordance with a law 
which has been developed theoretically by E. Wiede¬ 
mann. Figures of some of the absorption and photo¬ 
graphed spectra are given (p. 192), and a plate giving 
Acworth’s curves for the various colouring matters. 

We might have dwelt upon many other topics discussed 
in the book ; enough has been said, however, to show that 
photographic literature has been enriched by a work 
which will take rank among the classics in this subject. 
If, in concluding this notice, some defects are pointed 
out, it is not that the writer feels bound as a critic to find 
fault with something, but because in a work of high 
standard, such as this, small faults obtrude themselves 
and become great by contrast. In the first place, then, 
the author does not give sufficient recognition to work 
done in this country. One such omission has already 
been pointed out. Similarly the work of Abney on 
colour measurement, which is so closely related to the 
subject-matter of chapter xxx.,is not referred to. Although 
J. J. Acworth’s experiments on orthochromatic photo¬ 
graphy are given in extcnso (because originally published 
in IViedemann's Annalenf), the prior work of C. H. 
Bothamley is not described. In connection with the 
theory of direct photography in colours by the method of 
interference, Zencker alone is mentioned, and all refer¬ 
ence to Lord Rayleigh’s work on this subject omitted. 
But still more serious is the introduction of polemical 
matter into the work-in some parts to such an extent as 
to become an actual disfigurement. The whole of 
chapter xvii,, on the history of the discovery of the 
action of special sensitisers, might very well have been 
omitted ; what is the use of reprinting a series of 
polemical papers published twenty years ago, especially 
when one of the combatants (Schultz-Sellack) is dead? 
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Then, again, the passage of arms between the author 
and Dr. Neuhaus in this same chapter, and Herr Hruza 
(chapter xxviii.) and, above all, Air. Ives (pp. 239-240), 
is conducted in a manner that in this country would be 
regarded as very bad form. Perhaps German notions of 
scientific literary taste differ from ours, but the writer of 
this notice has never yet come across a German work 
professing to be a scientific text-book, in which such bad 
taste is shown as in the introduction of the personalities 
which are here indulged in. 1 Discounting these im¬ 
perfections, Dr. Vogel is to be congratulated on this 
second instalment of his book ; it will be found valuable as 
a compilation, and still more valuable as embodying much 
original work. No scientific student of the subject can 
dispense with it, and beyond the domain of pure photo¬ 
graphy the chemist and physicist will find much in its 
pages worthy of consideration. R. MELDOLA. 


THE MEASUREMENT OF ELECTRICAL 
RESISTANCE. 

A Treatise on the Measurement of Electrical Resistance. 

By William Arthur Price, M.A., A.M.I.C.E, (Oxford : 

Clarendon Press, 1894.) 

F all electrical measurements probably that of 
measuring a resistance is the most important, 
since the resistance of many bodies is a permanent 
quality', and resistances can be compared by means of 
apparatus of comparatively simple construction, while the 
results obtained are much more accurate than in the case 
of any other electrical measurement. Most books on 
practical electricity contain more or less complete de¬ 
scriptions of the methods generally employed in the 
measurement of resistance, and in some cases give what 
may be called "diagrammatic” descriptions of the con¬ 
struction of the different forms of apparatus employed. 
The work under consideration, however, goes much 
further, for in it the mechanical details of the construc¬ 
tion of the apparatus are described in a manner which 
shows that the author is practically acquainted with his 
subject. 

The book may be roughly divided into two parts : in 
the first of these the materials used in the construction 
of resistances and the different methods of winding and 
mounting resistance coils are fully dealt with ; while the 
second part contains full descriptions of the methods 
ordinarily employed in the measurement of resistances, 
both high and low. 

The first chapter is introductory, and contains a de¬ 
finition of the term resistance, while the conditions to be 
fulfilled by a material suitable for the construction of 
standard resistances are shortly discussed. The proper¬ 
ties of the different alloys employed in the construction 
of resistances are fully dealt with in the second chapter. 

After referring to the artificial “ ageing ” of manganine 
wire, and to the extremely small value of the thermo- 

1 Out of consideration for those concerned, I refrain from giving speci¬ 
mens of the paragraphs complained of. Can it.be that the style of discussion 
is incidental to the subject? Similar lucubrations are sometimes to be seen 
embellishing (?) the pages of photographic journals. In passing the above 
strictures it is to be understood that the question of the author or his an¬ 
tagonists being right or wrong is not raised: it is the stvle which is objected 
to - the transference of personal polemics from journals in which they might 
possibly be tolerated, to the pages of a text-book in which they are intoler¬ 
able. 

NO. 1303, VOL. 5 O] 


electric force between this alloy and copper, the author 
says that the electrical properties of this material seem 
to be quite permanent. This opinion, however, is at 
variance with the experience of most people who have 
tested this alloy, and it would be of interest to know 
whether any satisfactory experiments have been made to 
settle this point. Although it may be important in many 
commercial operations, where accuracy is not so much 
aimed at as simplicity and freedom from troublesome 
corrections, to make resistances of alloys having a low 
temperature coefficient, yet in any experiment where 
accuracy is necessary it is much more important to have 
a constant and linear function for the temperature cor¬ 
rection than to have an extremely small but variable and 
uncertain one, A comparison of the curves for the 
variation of the resistances of the different alloys, which 
have been reproduced from Profs. Dewar and Fleming’s 
paper, shows at once the fatal objection to manganine. 
Another objection to this alloy, as at present manu¬ 
factured, is the extreme variation in physical properties 
between the different samples supplied. 

Two very interesting chapters are devoted to the 
construction of resistance coil bobbins, and the 
methods employed for winding the w : re. In con¬ 
nection with the question as to the best form to give 
standard resistance coils in order that the temperature 
may be accurately known, the author recommends that 
the coil be enclosed in a thick copper case, with a recess 
filled with mercury for the insertion of a thermometer, 
the whole to be covered in with'a wooden case, to protect 
it from dust and draughts, instead of the usual thin case 
and water-bath. This method of securing a uniform 
temperature is very satisfactory when no heat is generated 
within the apparatus, but in the case of a resistance coil 
and a thermometer placed in a hole filled with mercury 
in the enclosing case, where the passage of the testing 
current heats the wire, the thermometer would probably 
“lag” considerably behind the wire;, and the chief effect 
of Ihe thick case would be to screen the thermometer 
from the changes in temperature of the wire. 

The heat developed in a coil, and the rate at which the 
temperature rises, are shortly considered, data being given 
for calculating these quantities. It would be a great im¬ 
provement, however, if in a subsequent edition a table 
were given showing at a glance the maximum current 
which can with safety be passed through the different coils 
of resistance boxes wound with the sizes of wire ordinarily 
used. Whether it would be possible to indicate this 
quantity on the boxes of coils as sent out by the makers, 
is perhaps doubtful; but if it could be done, it might 
perhaps stay the hand of the too venturesome student, 
who is continually trying to ruin any resistance boxes he 
may be using by passing an excessive current. 

While the chapter on the Post Office and Dial forms 
of Wheatstone’s Bridge is very complete, and con¬ 
tains a very useful table of the best resistances to 
be used in the ratio arms of a Post Office Bridge, 
that on the Slide Wire Bridge can hardly be said to be 
so. The only form of Slide Wire Bridge at all fully 
described and illustrated is of the ordinary design to 
be found in elementary physical laboratories. Although 
this is sufficient for teaching purposes, it is hardly suitable 
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